Calcineurin inhibitor (CNI) nephrotoxicity is a major concern after renal transplantation. To investigate the safety and efficacy of a CNI-free immunosuppressive regimen, 132 live-donor renal transplant recipients were included in a prospective, randomized controlled trial. All patients received induction therapy with basiliximab and steroids. The patients were randomized to a maintenance immunosuppression regimen that included steroids, sirolimus, and either low-dose tacrolimus or mycophenolate mofetil (MMF). Over a mean follow-up period of approximately 5 yr, patient and graft survival did not significantly differ between the two maintenance regimens. Patient survival was 93.8% and 98.5% in the tacrolimus/sirolimus and MMF/sirolimus groups, respectively, and graft survival was 83% and 88%, respectively. However, the MMF/sirolimus group had significantly better renal function, calculated by Cockcroft-Gault, from the second year post-transplant until the last follow-up. In addition, this group was less likely to require a change in their primary immunosuppression regimen than the tacrolimus/sirolimus group (20.8% versus 53.8%, P ϭ 0.001). The safety profile was similar between groups. In summary, after long-term follow-up, a CNI-free maintenance regimen consisting of sirolimus, MMF, and steroids was both safe and efficacious among low to moderate immunologic risk renal transplant recipients.
Avoidance or at least minimization of the nephrotoxic effect of the calcineurin inhibitors (CNIs) is indeed a worthy goal; however, it must be approached with great care.
The current CNIs in use, including cyclosporine (CsA) and tacrolimus (Tac), are, in addition to being nephrotoxic, associated with detrimental effects on cardiovascular risk factors, such as hypertension, dyslipidemia, and glucose intolerance. Besides, development of chronic allograft nephropathy (CAN) is common in recipients treated with CNI. [1] [2] [3] Recently, it was found that especially longterm treatment with CNI drugs results in fibrotic scarring of transplanted kidneys, an effect present in about 25% of the patients already during the first 6 mo post-transplant. 4 The introduction of potent immunosuppressive alternatives to CNI drugs, such as mycophenolate mofetil (MMF), mTOR inhibitors (mammalian target of rapamycin, sirolimus, everolimus), and the anti-CD25 antibodies (anti-IL-2 receptor antibodies daclizumab and basilixiamb) challenge investigations of less toxic immunosuppressive protocols. MMF has been shown to be a well-tolerated and effective alternative in patients with CsA-induced nephrotoxicity, not only allowing CsA dose reduction but also full CsA withdrawal in selected patients resulting in significantly improved renal function. [5] [6] [7] [8] MMF also has a preferred profile on blood pressure, lipids, and glucose metabolism.
CNI avoidance might translate into improved graft and patient survival as long as the overall immunosuppression is adequate. CNI-free regimens based on daclizumab induction followed by MMF and steroid maintenance have shown 1-yr graft survival of more than 95%; however, acute rejection rate was unacceptably high in these patients with average immunogenic risk. 9, 10 The complementary properties of sirolimus (SRL) and MMF may provide the rationale for their combination in induction and maintenance regimens. SRL, an mTOR inhibitor, inhibits cell proliferation driven by growth factors; and MMF, a reversible inhibitor of inosine monophosphate dehydrogenase, acts as an antiproliferative drug. Early experiences with the use of the SRL, MMF, and steroid combination yielded insufficient prophylaxis of acute rejection. 11, 12 However, the introduction of induction therapy with monoclonal or polyclonal antilymphocyte antibodies to the SRL/MMF and steroid combination brings an efficient acute rejection prophylaxis while improving renal function and/or reducing chronic allograft nephropathy. 13, 14 However, a recent review article of an organ-by-organ review of Organ Procurement and Transplantation Network and Scientific Registry of Transplant Recipients data showed a decline in the number of renal transplant patients who were discharged on regimens containing SRL down to 16% in 2004. Moreover, the use of the SRL/MMF combination has remained less than 1%. 15 We have previously reported on the safe and efficient use of SRL/MMF combination regimen together with steroids and basiliximab induction therapy in a short-term prospective randomized trial. 14 We hereby report on the safety and efficacy of the longer-term use of such a regimen in living donor renal transplant recipients.
RESULTS

Demography
Demographic and baseline characteristics were previously outlined. 14 Both groups were homogeneous regarding recipients' age, sex, body weight, original kidney disease, pretransplant hypertension, urinary bilharziasis, hepatitis C virus antibody test, donors' age, and human leukocyte antigen matching.
Patient and Graft Outcome
Mean follow-up period was 62.6 Ϯ 13 and 63.5 Ϯ 9.9 mo for group A and B, respectively (range, 55 to 75 mo). Higher patient and graft survivals were noted among group B patients, although it does not rank to statistical significance (Figures 1  and 2 ; Table 1 ).
Group A. Four patients died. The cause of death in 2 of them was miliary tuberculosis (TB), 3 and 6 mo post-transplantation. The cause of death in the others was most probably attributed to a cardiovascular cause being reported at home, 31 and 32 mo post-transplantation. Seven patients returned back to dialysis throughout the whole follow-up period. Recurrence of original kidney disease (anti-glomerular basement membrane nephritis and focal segmental glomerulosclerosis [FSGS]) was responsible for two graft failures, 4 and 7 mo post-transplantation. One patient had thrombotic microangiopathy complicated by transplant glomerulopathy and FSGS and put on dialysis 5 mo post-transplantation. Another patient had recurrent acute rejections (3 episodes) and complicated by transplant glomerulopathy resulting from minimal change disease and returned to dialysis 24 mo post-transplantation. Chronic allograft nephropathy was responsible for graft failure in the last 3 cases (28, 42, and 60 mo post-transplantation).
Group B. One patient died of septicemia caused by recurrent bacterial infections secondary to multiple anal abscesses and fistulae 7 mo post-transplantation. Similar to group A, 7 patients return back to dialysis during the whole follow-up period. Recurrence of original kidney disease (FSGS and membranoproliferative glomerulonephritis) was responsible for two graft failures, 8 and 43 mo post-transplantation, respectively. De novo glomerulopathy (FSGS) was responsible for one graft failure 21 mo post-transplantation. Chronic allograft nephropathy was responsible for graft failure in the last 4 cases (19, 44, 57 , and 60 mo post-transplantation).
Immunosuppressive Drugs
After the first 3 post-transplant months, mean SRL levels were kept within the targeted therapeutic windows throughout the whole follow-up period. After the first 2 yr, there was no statistically significant difference of SRL levels between either group as the targeted window became the same (Figure 3 ). Subsequently, mean SRL doses were close to each other in both groups. During the fifth year, mean SRL dose was 2.27 Ϯ 1.14 mg/d and 2.28 Ϯ 1.11 mg/d in group A and B, respectively.
Mean Tac doses and levels were kept within the targeted windows among group A patients. Fifth year mean Tac dose value was 2.37 Ϯ 2.62 mg/d and mean level value was 3.82 Ϯ 1.11 ng/ml. Mean MMF doses were progressively reduced over time down to 1.5 Ϯ 0.36 g/d during last follow-up year among group B patients.
Secondary Immunosuppression
Statistically significant higher change rate of the primary immunosuppressive regimen was encountered among group A patients as shown in Table 2 . In 21 patients of group A, Tac was replaced by MMF, in essence cross over to group B, because of biopsy-proven acute Tac toxicity despite optimum level (2 cases), chronic tubulointerstitial fibrosis of moderate degree (8 cases), recurrent severe diarrhea complicated by marked body weight reduction and frequent hospital admissions (6 cases), and uncontrolled newly discovered diabetic state (5 cases).
In another 14 patients of the same group, SRL was completely withdrawn and replaced by either MMF, due to proteinuria (5 cases), surgical complications (3 cases), high liver enzymes (1 case), or replaced by azathioprine in one female who was seeking pregnancy. Two patients were maintained on steroids and Tac only because of persistent leucopenia despite therapeutic SRL blood level; and finally, 2 patients were maintained on steroids and MMF because of pulmonary TB.
Among group B patients, MMF was replaced by Tac in 3 patients, in essence cross over to group A, because of persistent leucopenia with optimum SRL level.
In another 11 patients, SRL was withdrawn and replaced by Tac because of proteinuria (3 patients), interstitial pneumonitis (1 case), and intolerance (1 case). In 4 females, SRL and MMF were replaced by Tac and azathioprine for the sake of getting pregnant; and finally, 2 patients with pulmonary TB were maintained on steroids and MMF only.
Graft Function
Based on intention-to-treat analysis, statistically significant better renal allograft function was encountered among group B patients from the second post-transplant year until the last follow-up, as measured by calculated glomerular filtration rate (GFR), in comparison with group A (Figure 4) .
By exclusion of those with secondary immunosuppression (35 in group A and 14 in group B), no significant difference of renal function was found, although group B patients still have higher calculated GFRs at all time periods ( Figure 5 ).
Histopathologic Findings
No acute rejection episodes were encountered beyond the second year of follow-up. Meanwhile, CAN of various degrees was diagnosed among 11 and 9 patients of group A and B, respectively (Table 3) . Two of those with moderate CAN and all of those with marked CAN returned back to dialysis.
On studying the impact of chronic allograft damage index (CADI) obtained from protocol graft biopsies (originally 86 cases) at the end of the first post-transplant year, 14 we opted to classify whole patients of the two groups together into nearly equal two divisions: those with CADI score equal 0, 1, or 2 and those whose the score equals 4, 5, 6, or 7. Table 4 shows higher Figure 3 . Sirolimus trough levels (ng/ml) in both groups.
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calculated GFR values among the first group, which approaches significance at the last follow-up.
Among group B patients, studying the impact of each of the six elements of the CADI score (mesangial matrix increase, glomerular sclerosis, tubular atrophy, interstitial inflammation, interstitial fibrosis, and vascular intimal proliferation) on subsequent renal allograft function revealed that interstitial inflammation (which affected 30.2% of group B patients at 1 yr) was the only element found to have significant impact on GFR throughout all time points after the first year (Table 5) .
Adverse Events
No significant difference was found regarding the incidence or the number of antihypertensive medications used in each group, nor in the hematologic complications throughout the follow-up period ( Table 6 ). The most significant infectious complication was the development of tuberculosis among 6 and 4 patients in group A and B, respectively. No significant difference was encountered regarding the incidence of diabetes mellitus, elevated liver enzymes, osteonecrosis, proteinuria, or surgical complications. Group A shows significant higher incidence of chronic diarrhea, whereas group B shows significant higher incidence of hyperlipidemia and herpes zoster infection. No single case of malignancy was diagnosed in either group.
DISCUSSION
Based on data of the Organ Procurement and Transplantation Network and Scientific Registry of Transplant Recipients, which identified trends that have evolved over the past decade in the use of immunosuppression for recipients of solid organ transplants, Tac/MMF combination was found to be the most frequently used maintenance immunosuppression combination at 1 and 2 yr after kidney transplantation. At 1 yr after transplantation in 2003, 51% of patients were receiving Tac/ MMF combination, 17% were receiving CsA/MMF, 8% Tac/ SRL, and only 1% on SRL/MMF combination regimen. Moreover, a surprisingly low percentage of patients continued their original immunosuppressive discharge regimen through the first 3 yr following transplantation. Among patients transplanted in 2001, the change rate for Tac/MMF combination at 3 yr was 43% and that for SRL/MMF combination was up to 65%. 15 We have previously reported on the 2-yr safety and efficacy profile of SRL/steroids based regimens in combination with either low-dose Tac (group A) or MMF (group B) together with basiliximab induction therapy among live-donor renal allotransplant recipients in a prospective randomized study, and it was shown that the SRL/MMF regimen was safe regarding patient and graft survival and was associated with significant better renal function at 2 yr than the Tac/SRL regimen. 14 We hereby report on the long-term safety and efficacy profile of the same randomized patients.
Throughout the follow-up period from the third to fifth year, 2 group A patients had sudden death most probably secondary to cardiovascular cause. During the same period, 3 and 4 patients in group A and B, respectively, returned back to dialysis mostly secondary to the development of CAN. Therefore, it was noted that early causes of death among our patients were infectious and late causes were cardiovascular, whereas early causes of graft failure were mostly the result of recurrent original kidney disease and transplant glomerulopathy and late causes were the result of CAN. Slightly lower rates of patient and graft survival for the SRL/MMF arm (87.1% and 83.9%, respectively) were obtained by Flechner et al. 16 in a 5-yr prospective randomized study of either SRL/MMF or CsA/MMF with steroids and basiliximab induction in adult renal allotransplant recipients.
Our group B patients show significant lower change rate of the primary immunosuppression compared with group A through the whole follow-up period, being observed in 14 patients (20.8%), 4 of which were seeking pregnancy. This comes in accordance with Flechner et al. 16 about low change rates of primary SRL/MMF regimens. Our main indications for SRL withdrawal, in addition to pregnancy, were development of proteinuria in view of several recent reports linking SRL to proteinuria 17, 18 and tuberculous infection, leukopenia, and surgical causes. Group A unique indications for change of the primary regimen were mainly related to combined SRL/Tac nephrotoxicity (e.g., pathologic diagnosis of acute Tac toxicity despite optimum blood level and/or moderate tubulointersti- CLINICAL RESEARCH www.jasn.org tial fibrosis), GIT toxicity (e.g., chronic diarrhea with marked weight reduction), and presumed islet cell toxicity 19 (e.g., newly discovered difficult controlled diabetes mellitus [DM] ).
Based on intention-to-treat analysis, statistically significant higher renal function obtained at 2 yr among SRL/MMF patients, 14 was maintained until the last follow-up period, a finding that comes in accordance with all short-term 12, 13, 20 and long-term studies 16 ; however, more recently, Larson et al., 21 in a comparison of TAC/MMF versus SRL/MMF, showed that the iothalamate clearance at 1 mo was higher in the SRL/MMF than in the TAC/MMF group (67 Ϯ 18 ml/min versus 58 Ϯ 17 ml/min); however, this difference was lost at 1 yr because of the unexpected loss of GFR in the SRL/MMF group. Differences in renal function between Larson's and other studies may be explained by the different anti-calcineurinic drugs used in the control group because it seems that CsA induces more profound renal hemodynamic changes than TAC, at least at the current target levels for clinical immunosuppression. 22 By exclusion of those with secondary immunosuppression, group A patients could obtain comparable renal function with group B patients after 5 yr, however, with high exclusion rate that exceeds 50%.
By classification of patients according to stages of chronic kidney diseases, 23 it was found that about one half and one third of SRL/MMF patients enjoyed quite normal renal function by 3 and 5 yr, respectively.
Among our patients, who are of low to moderate immunologic risk, we reported reduced incidence of acute rejection among group B patients, in the first post-transplant year down to13.5%, 14 a finding that comes in accordance with all trials using SRL/MMF with steroids and induction therapy in which acute rejection incidence varies from 6.5%, 13 to 13%. 21 Moreover, even in patients with high immunologic risk, Lo et al. 20 reported 12-mo incidence of as low as 7%.
At the end of the first post-transplant year, CADI score was not significantly different between either group. 14 On studying the impact of CADI score on the subsequent renal function among both groups to define a cut off value, it was found that CADI scores of 0,1or 2 were associated with nearly significant better renal function at 5 yr. Moreover, on studying the impact of each of the 6 elements of the score 24 on eventual renal function in both groups, interstitial inflammation among group B patients (which affected 30.2% of patients at 1 yr) was the only element found to have significant impact on GFR throughout all time points after the first year.
The safety profile of both groups has markedly improved after the first 2 post-transplant years, as the immunosuppressive doses were reduced as well as the targeted therapeutic window of SRL. Therefore, low incidence of hematologic complications, apart from renal impairment induced anemia, and low surgical complications were encountered. Similarly, the incidence of infectious complications was low apart from TB, which was encountered among 10 cases (7.6%) of our patients. In a previous report on 1200 renal transplant population from the same locality, the incidence of post-transplant TB infection was 3.8%. 25 A higher incidence among our series may be explained by the use of more potent immunosuppressive medications, improper pretransplant screening, new epidemic, or combination of these factors. Early (before 1 yr) and aggressive presentation of TB (miliary form) was associated with higher mortality rates. In view of such a life-threatening disease, a policy of handling immunosuppressive drugs among recent cases could show some success, by which all group A or group B affected patients were converted to a dual regimen consisting of steroids and MMF so as to reduce net immunosuppression and avoid drug interactions of SRL and Tac with anti-TB drugs.
No case of solid organ or skin cancer was diagnosed in either group, a finding that supports the hypothesis of Luan et al., 26 that SRL might prevent rather than promote tumor progression.
In summary, a calcineurin-inhibitor free immunosuppressive regimen, consisting of steroids, SRL, and MMF together with monoclonal antibody induction therapy, has proven to be both safe and effective among low to moderate immunologic risk renal allotransplant patients after long-term follow-up. Avoidance of early high change rates of the regimen could be achieved by proper SRL dosages through strict follow-up of SRL blood levels. SRL administration should be delayed in certain patients at increased risk of side effects (e.g., high body mass index, delayed graft function). Administration of this regimen among high immunologic risk patients has proved success on short term, awaiting longer-term follow-up.
CONCISE METHODS
Patients
Between May 2001 and January 2003, a total of 132 patients with end-stage renal disease, who received a live donor renal allo-transplant at the Urology and Nephrology Center, Mansoura University, Egypt, were the subjects of this study. Exclusion criteria included patients requiring second renal transplantation, patients younger than 18 yr, cases with pretransplant chemistries demonstrating a total serum cholesterol greater than 300 mg/dl, triglycerides greater than 400 mg/dl, white blood cell count less than 4000/mm 3 or platelets less than 150 000/mm 3 , patients with pretransplant positive lymphocytotoxic cross-match test, and those with more than 50% DR mismatch.
Immunosuppression Protocol
All patients in both groups received basiliximab (Simulect, Novartis, Basel, Switzerland) 20 mg intravenously at surgery and on day 4 postoperative. Patients in both groups received intravenous methyl prednisolone 500 mg one day before and on day of surgery. Oral prednisolone was then given at a dose of 1 mg/kg per day, which is then gradually tapered down to 0.1 mg/kg by the 10th mo post-transplantation.
Group A patients received SRL solution (Rapamune, WyethAyerst, Princeton, NJ) within 24 h after completion of surgery in a dose of 10 mg/d orally (single morning dose) for 3 d and then main-tained on 5 mg/d. Further doses were concentration controlled to keep 24 h whole blood trough level between 6 and 12 ng/ml. Tacrolimus (Prograf, Fujisawa Pharmaceutical, Osaka, Japan) was also administered to this group of patients on the third day postoperative, provided that creatinine clearance is more than 50 ml/min. Tacrolimus was started at a dose of 0.03 mg/kg per day in two equally divided doses targeting 12 h whole blood trough level of 3 to 7 ng/ml.
Group B patients received SRL and maintained on single oral morning dose of 10 mg/d targeting 24 h whole blood trough level between 10 and 15 ng/ml. Mycophenolate Mofetil (Cellcept, Hoffman-La Roche, Nutley, NJ) 1 g twice daily was begun the morning after surgery. Patients remained on this dose unless side effects, such as gastrointestinal toxicity or leucopenia, necessitated dose reduction.
No standard antimicrobial prophylaxis therapy was adopted in this study.
Therapeutic Drug Monitoring
Serum trough levels of SRL were evaluated by high performance liquid chromatography with mass spectroscopy detection through the first 2-yr transplant period, after which the microparticle enzyme immunoassay method was used. 27 Two years post-transplantation, SRL trough level was maintained between 5 and 10 ng/ml in both groups. Tac trough levels were evaluated using a microparticulate enzyme immunoassay method and maintained between 3 and 7 ng/ml.
Clinical Assessment
The patients were assessed clinically with particular emphasis on blood pressure measurement. Hypertension was defined according to the JNC v⌱⌱ report. 28 The number of antihypertensive drugs was reported for every patient to express severity of hypertension. New-onset DM was defined as post-transplant hyperglycemia necessitating treatment with oral hypoglycemic agents or insulin injections. Clinical tolerance to the given medications was assessed, which included the safety profile and the occurrence of any adverse events.
Laboratory Investigations
These included complete urine analysis, serum electrolytes, liver function tests, fasting blood sugar, uric acid, calcium, phosphorus, complete lipid profile, and hematologic profile. Renal allograft function was evaluated by the estimation of serum creatinine and calculated GFR using the Cockroft-Gault formula. 29 
Evaluation of Graft Biopsies
Event (for cause) biopsy was carried out in case of nephrotic range proteinuria or episodes of renal dysfunction (25% increase in creatinine from baseline) for which histopathologic examination was performed according to the Banff Schema (1997). 30 
Study Outcomes
The study outcomes consisted of efficacy profiles, toxicity profiles, and renal allograft pathology profiles. The efficacy profiles were patient and graft survival, biopsy-confirmed acute rejection episodes, and graft function. The toxicity profiles included serious adverse events, malignancies, infections, wound complications, and metabolic complications. Renal allograft pathology was evaluated using the Banff schema (1997) for event biopsies.
Statistical Analysis
t test was used to compare between the two groups in continuous data.
2 was used to compare categorical variables. The survival of the patients and the grafts was computed using the Kaplan-Meier method 31 on an intention-to-treat basis. Differences in survival were calculated by the log-rank test. 32 For all of the above tests, a P value Յ0.05 was considered as significant.
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